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The title compound, [Mn 2 O 2 (C 10 H 2 4N4) 2 ](C^H 20 B) 2 Cl-- 
2CH 3 CN, is a mixed-valent Mn nl /Mn IV oxide -bridged mangan- 
ese dimer with one chloride and two tetraphenylborate 
counter-anions. There are two non-coordinated molecules of 
acetonitrile in the formula unit. A center of inversion is 
present between the two metal atoms, and, consequently, there 
is no distinction between Mn m and Mn IV metal centers. In the 
Mn 2 0 2 core, the Mn— O distances are 1.817 (3) and 
1.821 (3) A. The cyclam ligand is in the cis configuration. 
The chloride counter-anion resides on a center of symmetry, 
whereas the tetraphenylborate counter-anion is in a general 
position. The cyclam ligand is hydrogen bonded to the 
acetonitrile as well as to the chloride anion. One of the 
phenyl rings of the anion and the acetonitrile solvent molecule 
are each disordered over two sets of sites. 
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Experimental 

Crystal data 

[Mn 2 O 2 (C 10 H 24 N 4 ) 2 ](C 24 H 20 B) 2 

Cl^Q-H^N 
M r = 1298.52 
Triclinic, PI 
a = 11.437 (2) A 
b = 11.713 (2) A 
c = 13.967 (3) A 
a = 104.136 (3)° 



Data collection 

Bruker SMART APEXII 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.952, r mM = 0.972 

Refinement 

R[F 2 > 2a(F 2 )} = 0.061 

wR(F 2 ) = 0.173 

S = 1.03 

6092 reflections 

433 parameters 



Table 1 

Selected bond lengths (A). 



n-tH 



([BPh 4 ]-) 2 (C|-)-2CH 3 CN 



/8 = 97.697 (3)° 
y = 107.627 (3)° 
V = 1684.9 (6) A 3 
Z= 1 

Mo Ka radiation 
/x = 0.47 mnT 1 
T = 90 K 

0.15 x 0.11 x 0.08 mm 



17931 measured reflections 
6092 independent reflections 
4083 reflections with / > 2a(l) 
Ri„, = 0.064 



258 restraints 

H-atom parameters constrained 
Ap„ax = 0-54 e A~ 3 
APmi,, = -0.81 e A~ 3 



Mnl-Ol 
Mnl-Ol 1 
Mnl-Nl 



1.817 (3) 
1.821 (3) 
2.187 (5) 



Mnl-N2 
Mnl-N3 
Mnl-N4 



2.092 (3) 
2.178 (3) 
2.116 (3) 



Symmetry code: (i) —x, —y + 1, — z. + 1. 



Related literature 

For structures of different salts containing the disordered 
mixed-valent ([(cyclam)MnO] 2 } 3+ cation, see: Goodson et al. 
(1990); Lu et al. (2001). For structures of the non-disordered 
Mn m — Mn IV 0 2 core, see: Brewer et al. (1989); Levaton & 
Olmstead (2010). For cyclam configurations, see: Bosnich et al. 
(1965). 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


N1-H1---N5 


0.93 


2.42 


3.313 (11) 


160 


N1-H1---N5B 


0.93 


1.98 


2.832 (10) 


151 


N2-H2- ■ CU 


0.93 


2.37 


3.289 (4) 


169 


N3-H3---N5 1 


0.93 


2.22 


3.034 (9) 


146 


N3-H3-N5B' 


0.93 


2.23 


3.120 (9) 


160 


N4-H4- ■ CU 


0.93 


2.42 


3.330 (4) 


168 



Symmetry code: (i) — x, —y + 1, — z + 1. 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 
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Di-/^-oxido-bis[(l,4,8,ll-tetraazacyclotetradecane-/<: 4 A^,A f ',A^'^V''')dimanganese(III,IV)] 
bis(tetraphenylborate) chloride acetonitrile disolvate 

M. M. Olmstead, D. W. Boyce and L. E. Bria 
Comment 

In the title compound (Fig. 1), the Mn 1 " — Mn IV centra symmetric, dinuclear cation is bridged by two oxo ligands. Each 
manganese atom also binds to a tetradentate cyclam (cyclam = 1,4,8,11-tetraazacyclotetradecane) to achieve a distorted oc- 
tahedral coordination environment. Due to the center of inversion, there is no distinction between the two different oxidation 
states in the structure, and it is disordered mixed valent. The dinuclear cation bears a +3 charge, and the charge is balanced 
by a chloride anion and two tetraphenylborate anions. The chloride resides on a center of symmetry. The configuration of 
the cyclam ligand is cis-V, in which the N — H bonds alternate above and below the N4 plane (Bosnich et al, 1965). 

The structures of similar disordered mixed valent (III/IV) |i-oxo bridged manganese cyclam complexes are reported in Lu, 
et al., 2001, with two perchlorate and one nitrate anions; Goodson, et al, 1990, with dithionate and thiosulfate anions, and a 
second structure with three bromides. In the title compound, the Mn202 core has Mn — O distances of 1.817 (3) and 1.821 (3) 
A. All of the above referenced structures show similar coordination geometry, and the mean Mn — O bond distances in the 
Mn202 core for these complexes is 1 .824 A. A trifluoromethanesulfonate salt (Brewer, et al. , 1989) crystallized with discrete 

Mn 111 and Mn IV metal centers, and these mean Mn — O distances are characteristic of the oxidation states of Mn: Mn 111 — O, 
1.861 A and Mn IV — O, 1.788 A. Related values were also seen in the structure of a large Mni2 cluster with three units of 

Mn2C>2 core geometry. Average values with average deviations from the mean were Mn 111 — O, 1.879 (7) A and Mn IV — O, 
1.787 (6) A (Levaton & Olmstead, 2010). Thus, the disordered distances agree well with the average III/IV values. 

In the structure of the title compound, all of the available hydrogen atoms bonded to the N atoms in the cyclam ligand 
participate in hydrogen bonding (Fig. 2 and Table 2). The hydrogen atoms bonded to N atoms N2 and N4 are hydrogen 
bonded to chloride atom. The hydrogen atoms on N atoms Nl and N3 hydrogen bond to the acetonitrile N atoms. 

Experimental 

The title compound was obtained while attempting to prepare an azido derivative. To a stirred solution of 1,4,8,11-tetraaza- 
cyclotetradecane (cyclam), (200 mg, 1 mmol) in 5 ml of methanol was added a solution of MnCi2'4H20 (200 mg, 1 mmol) 
in 25 ml of methanol. Over the one hour course of the addition, the reaction color progressed from red to dark green. After 
stirring for 1 hr an excess of NaN3 (200 mg, 2.5 mmol) was added to the reaction mixture in a solution of 9 ml me thanol and 
1 ml H2O. No color change was observed upon addition of the azide. After 20 min of stirring NaBPh^ (350 mg, 1 mmol) was 
added. Addition of the tetraphenylborate salt caused a precipitate to form and the solution turned red-brown. Subsequently, 
18 ml of a 5:1 acetonitrile: water and 10 ml of 0.1 MHCIO4 were added. The orange-brown solid was collected by filtration. 
Dichroic, red-green crystals of the product were obtained by slow evaporation of a toluene solution. 
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Refinement 

The C-bound and N-bound H atoms were positioned geometrically with C — H = 0.95 — 0.98 A, N — H = 0.88 A, and allowed 
to ride on their parent atoms with C/; S0 (H) = 1.2 — 1.5 U ea fC). One of the BPI14" phenyl rings was disordered and was 
refined in two parts with a rigid group refinement. The acetonitrile molecule was disordered in two parts, each assigned 
50% occupancy. Atoms of the disordered acetonitriles were kept isotropic. The atoms of the disordered BPI14" phenyl group 
were allowed to refine with anisotropic thermal parameters and a similarity restraint (SIMU) of 0.008. The cation displayed 
large thermal motion and thermal ellipsoids for these atoms were refined with an ISOR 0.01 restraint. An attempt was made 
to solve and refine the structure in the non-centrosymmetric space group PI but atoms of the cation became N.P.D. 

Figures 

Fig. 1. The asymmetric unit of the title complex with displacement parameters drawn at the 
30% probability level. Disordered components of the acetonitrile and [BPI14]" group are 
shown. 



Fig. 2. The centrosymmetric dimer of the title cation is shown with H-bonds involving the 
N — H groups, acetonitriles and chlorides depicted with dashed lines. 



Di-u-oxido-bis[(1 ,4,8,1 1 -tetraazacyclotetradecane- K 4 iV,iV l ,iV",iV" l )dimanganese(lll,IV)] bis(tetraphenylborate) 
chloride acetonitrile disolvate 

Crystal data 



[Mn 2 0 2 (C 1 oH 2 4N 4 )2] (C 2 4H2oB)2Cl-2C2H 3 N 


Z = 1 


M r = 1298.52 


P(000) = 689 


Triclinic, PI 


D x = 1.280 Mgm" 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 11.437(2) A 


Cell parameters from 3568 reflections 


b= 11.713 (2) A 


6 = 2.8-24.6° 


c= 13.967 (3) A 


H = 0.47 mnT 1 


a= 104.136 (3)° 


7=90K 


(3 = 97.697 (3)° 


Block, red 


y= 107.627 (3)° 


0.15 x 0.11 x 0.08 mm 


V= 1684.9(6) A 3 
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Data collection 



Bruker SMART APEXII 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 8.3 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.952, T max = 0.972 
17931 measured reflections 



6092 independent reflections 

4083 reflections with / > 2o(7) 
R int = 0.064 

^max — 25.3 , 6 m i n — 2.8 

h = -13->13 
* = -14-*14 
/= 16^16 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.061 
wR(F 2 ) = 0.173 
S= 1.03 

6092 reflections 
433 parameters 
258 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 



w = l/[a 2 (F 0 2 ) + (0.080P) 2 
where P = {F 2 + 2F 2 )I3 
(A/o) max = 0.007 

Ap m ax = 0.54 e A~ 3 
Ap mi „ = -0.81eA- 3 



1.3759P] 



Special details 

Experimental. Crystals were dichroic. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z U iso */U eq Occ. (<1) 

Cll 0.5000 0.5000 0.5000 0.0774 (7) 

Mnl 0.11925 (5) 0.50038 (5) 0.50106 (5) 0.0434 (2) 

Ol -0.0251 (3) 0.4058 (2) 0.5257 (2) 0.0480(8) 

Nl 0.2187 (3) 0.6175 (4) 0.6555 (4) 0.0738 (14) 
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0.0086 (16) 
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Geometric parameters (A, °) 



Mnl— Ol 


1.817(3) 


C15— C16 


1.3900 


Mnl— Ol' 


1.821 (3) 


C15— H15 


0.9500 


Mnl— Nl 


2.187 (5) 


C16— H16 


0.9500 


Mnl— N2 


2.092 (3) 


CUB— C12B 


1.3900 


Mnl— N3 


2.178 (3) 


CUB— C16B 


1.3900 


Mnl— N4 


2.116(3) 


C12B— C13B 


1.3900 


Mnl — Mnl' 


2.7211 (13) 


C12B— H12B 


0.9500 


Nl — CI 


1.478 (6) 


C13B — C14B 


1.3900 


Nl — C10 


1.485 (7) 


C13B — H13B 


0.9500 


Nl — HI 


0.9300 


C14B — C15B 


1.3900 


N2 — C3 


1.482 (5) 


C14B — H14B 


0.9500 


N2 — C2 


1.484(6) 


C15B — C16B 


1.3900 


N2 — H2 


0.9300 


C15B — H15B 


0.9500 


N3 — C6 


1.456 (5) 


C16B — H16B 


0.9500 


N3 — C5 


1.488 (5) 


C17 — C18 


1.399 (5) 


IN J tlj 


U.yjUU 


1 — czz 


1 .Jyy \ J ) 


N4— C8 


1.450 (6) 


C18— C19 


1.385 (5) 


N4— C7 


1.495 (6) 


C18— H18 


0.9500 


N4— H4 


0.9300 


CI 9— C20 


1.380(6) 


CI— C2 


1.497 (6) 


C19— H19 


0.9500 


CI— H1B 


0.9900 


C20— C21 


1.379 (5) 


CI— H1C 


0.9900 


C20— H20 


0.9500 


C2— H2A 


0.9900 


C21— C22 


1.382 (5) 


C2— H2B 


0.9900 


C21— H21 


0.9500 


C3— C4 


1.492 (6) 


C22— H22 


0.9500 


C3— H3A 


0.9900 


C23— C24 


1.393 (5) 


C3— H3B 


0.9900 


C23— C28 


1.404 (5) 


C4— C5 


1.511 (6) 


C24— C25 


1.398 (5) 


C4— H4A 


0.9900 


C24— H24 


0.9500 


C4— H4B 


0.9900 


C25— C26 


1.379 (6) 


C5— H5A 


0.9900 


C25— H25 


0.9500 


C5— H5B 


0.9900 


C26— C27 


1.379 (5) 


C6— C7 


1.484 (7) 


C26— H26 


0.9500 


C6— H6A 


0.9900 


C27— C28 


1.387 (5) 


C6— H6B 


0.9900 


C27— H27 


0.9500 
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CIU — H1UB 


A AAAA 

u.yyuu 


C33 — C34 


1 Q OA 

1.38y (3) 


r> 1 poq 

bi — C23 


1 /:qa l z\ 

i.oiy p) 


C33 — H33 


A A C A A 

u.ysuu 


Bl — CI / 


i.o4y p) 


C34 — H34 


a ncnn 

u.ysuu 


Bl — c/y 


1.031 (3) 


JN3 — C33 


1 1 AH /1 1 \ 

1.146 (11) 


r> 1 run 
Bl — CUB 


1.0 /2 (0) 


C33 — C36 


1 yl 1 1 / 1 1 \ 
1.411 (11) 


r> 1 n 1 
Bl — CI 1 


1. /U3 (0) 


Pl£ TTQ /T A 

C36 — H36A 


A A OA A 

u.ysuu 


n 1 no 
CI 1 — C12 


1 Q AAA 

i.jyuu 


C36 — H36B 


A AOAA 

u.ysuu 


CI 1 — C16 


1 Q AAA 

i.jyuu 


C36 — H36C 


A AOAA 

u.ysuu 


C12 C13 


1.3900 


N5R T35R 


1.129 (11) 


C12— H12 


0.9500 


C35B— C36B 


1.454 (12) 


C13— C14 


1.3900 


C36B— H36D 


0.9800 


C13— H13 


0.9500 


C36B— H36E 


0.9800 


C14— C15 


1.3900 


C36B— H36F 


0.9800 


C14— H14 


0.9500 






Ol— Mnl— Ol' 


83.18(11) 


C17— Bl— CUB 


106.0 (4) 


Ol— Mnl— Nl 


100.05 (14) 


C29— Bl— CUB 


105.6 (3) 


Ol— Mnl— N2 


174.88 (13) 


C23— Bl— Cll 


105.4 (3) 


Ol— Mnl— N3 


95.63 (12) 


C17— Bl— Cll 


111.8(3) 


Ol— Mnl— N4 


90.76 (13) 


C29— Bl— Cll 


110.7 (3) 


Ol'— Mnl— Nl 


97.81 (13) 


C12— Cll— C16 


120.0 


Ol'— Mnl— N2 


91.73 (13) 


C12— Cll— Bl 


121.2 (3) 


01' — Mnl — N3 


97.79 (12) 


C16— Cll— Bl 


118.8 (3) 


/-\ 1 1 a \ i XT /I 

Ol — Mnl — JN4 


1 1% 47 C171 


V_. 1 0 V_ 1 z — V_ 1 1 


1 zu.u 


XT 1 AA n 1 XT? 
IN 1 1VII1 1 IN Z 


ou. i^t ^ m) 


PI T. PI 7 HI 7 

V_. 1 J V. 1 Z 1 1 1 z 


1 7n n 


Nl — Mnl — N3 


159.04 (14) 


Cll — C12 — H12 


120.0 


Nl — Mnl — N4 


85.59 (15) 


C12 — C13 — C14 


120.0 


N2 — Mnl — N3 


85.49 (13) 


C12 — C13 — H13 


120.0 


N2 — Mnl — N4 


94.35 (14) 


C14 — C13 — H13 


120.0 


N3 — Mnl — N4 


80.34 (14) 


C15 — C14 — C13 


120.0 


Mnl — Ol — Mnl 


Ofi R7 H 11 

7U.OZ ^ 1 1 f 


P1 S P14 H14. 


1 7(1 (1 
1 zu.u 


CI — JN 1 — CIU 


1 1 1 q //i \ 
ii 1.5 (4) 


fi j tti a 
C13 — C14 — H14 


1 OA A 

12U.U 


( • 1 XT 1 T. T„ 1 

CI — JN 1 — Mnl 


1 AO A fl \ 

lus.y p) 


C14 C13 — C16 


1 OA A 

12U.U 


nA TvT 1 1\ (f ~ 1 

CIU — JN 1 — Mnl 


1 1 A O f A'\ 

ny.8 (4) 


Z" 1 1 A PI C tti f 

C14 — C15 — H15 


1 OA A 

120.0 


CI— Nl— HI 


104.8 


C16— C15— H15 


120.0 


CIO— Nl— HI 


104.8 


C15— C16— Cll 


120.0 


Mnl— Nl— HI 


104.8 


C15— C16— H16 


120.0 


C3— N2— C2 


110.2 (3) 


Cll— C16— H16 


120.0 


C3— N2— Mnl 


116.2 (2) 


C12B— CUB— C16B 


120.0 
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Cz — JNZ — Mill 


1 m o \ 
10 /.Z (j) 


C3 — JNZ — Hz 


1 A"7 "7 
10 /. / 


PO XT') TJT 

Cz — JNZ — hlz 


1 A"7 O 
10/./ 


A >r« i xn TJ1 
Mill — JNZ — hlz 


1 A"7 "7 
1U /. / 


Co — JN 3 — Cj 


1 1 o o n\ 
1 1Z.Z (3) 


P/T xji 

Co — JN 3 — Mn 1 


ioy.4 (3 j 


PC XT1 

Cj — JN3 — Mnl 


no i /o\ 

1 1 y . / <z j 


Pi£ TlT-l tji 

Co — JN3 — 113 


104. / 


PC \ti | n 

Cj — JN3 — H3 


1 A/i "7 
1U4. / 


Mnl — JN3 — 113 


1 A/1 "7 

1U4. / 


/-in XT/1 P"7 

Co — JN4 — C7 


1 1 A H t A\ 

110.7 (4) 


PQ XT /I A >T« 1 

Co — JN4 — Mnl 


1 1 C O /I \ 

115.6 (i) 


P*7 XT A A f i 

C7 — JN4 — Mnl 


106.5 (2) 


PO XT A 11 A 

Co — IN 4 — H4 


107.8 


P*7 XT/1 I I 1 

C/ — JN4 — hl4 


1 a~7 o 
10 /.8 


A >T« 1 XT A I 1 ,1 

Mnl — JN4 — hl4 


1 A"7 O 
10 /.8 


XT 1 P1 PI 

JN 1 — CI — Cz 


100.6 (4) 


XT 1 P 1 Till) 

JN 1 — CI — hi IB 


1 10.4 


n n in n 
Cz — C 1 — H 1 r> 


1 1 a a 
1 10.4 


XT 1 P 1 T T 1 P 

JN 1 — CI — HlC 


110.4 


n n uir 
Cz — C 1 — rl 1 C 


1 1 A A 

1 10.4 


hid ri u 1 p 
Hlr> — CI — hllC 


106.0 


XT'") n pi 
JNz — Cz — CI 


1 a~7 a \ 
10 /.V (4) 


XT') PI II") a 

JNZ — Cz — hlz A 


1 10. 1 


/ • i po i n a 
C 1 — Cz — hlz A 


1 1 A 1 
1 10. 1 


XT') pi i no 
JNZ — Cz — HZr> 


1 1 A 1 
1 10. 1 


C 1 — Cz — HzB 


1 1 A 1 
1 10. 1 


i n a pi i no 
HzA — Cz — HzB 


1 AO A 
106.4 


XT') PI P A 

JNz — C3 — C4 


1 1 1 A f)\ 

113.0 (i) 


XT') ( • 1 111 A 

JNZ — C3 — 1 L5 A 


1 AO A 

loy.o 


p/i pi iii a 
C4 — C3 — 113 A 


1 AA A 

loy.o 


XT') PI I n D 

JNZ — C3 — rl3B 


1 AA A 

loy.o 


P/1 pi I 11 D 

C4 — C 3 — hi 3 B 


1 A A A 

loy.o 


I I "J A pi I I "J O 

hl3A — C3 — H3r> 


1 A"7 O 
10 /.8 


PT P/1 PC 

C3 — C4 — C5 


111 i / a\ 

113.3 (4) 


PI P/1 I I 1 A 

C3 — C4 — rl4A 


1 AO A 

106. y 


PC P/1 I I 1 A 

CD — C4 — hl4A 


1 AO A 

i06.y 


pi p/i I I 1 O 

C3 — C 4 — hl4 r> 


1 AO A 

106. y 


PC P/1 I 1 ,1 O 

Cj — C4 — hl4r> 


1 AO A 

106. y 


I I 1 A p/1 I I ,1 T) 

hl4A — C4 — 11413 


1 AT "7 
10 /. / 


XT1 PC P/1 

JN3 — Cj — C4 


1 1 O H i A \ 

111. / (4) 


XTT PC 1 K A 

JN3 — Cj — hi j A 


1 AA 1 

ioy.1 


P/1 PC IIC A 

C4 — C j — rl j A 


1 AA 1 

ioy.1 


N3— C5— H5B 


109.1 


C4— C5— H5B 


109.1 


H5A— C5— H5B 


107.8 


N3— C6— C7 


108.2 (4) 


N3— C6— H6A 


110.1 


C7 — C6 — H6A 


110.1 



pnn pi id d 1 
C1ZB — CUB — Bl 


1 1 C A ( A\ 

1 1 5 .4 (4) 


C 1 OB — C 1 1 B — B 1 


1 O/l C {A \ 

1Z4.5 (4) 


pi ID pi in p 1 1 D 

C13B — C1ZB — CI IB 


1 OA A 

1Z0.0 


P11D rnn unn 

C13B — C1ZB — HIZB 


1 OA A 
1Z0.0 


pi ID piid unn 

C 1 1 B — C 1 ZB — ti I IB 


1 OA A 
1Z0.0 


pnD P1TD PUD 

C1ZB — C13B — C14B 


1 OA A 
1Z0.0 


pno P11D U11D 

C1ZB — C13B — H13B 


1 OA A 
1Z0.0 


piiD P11D U11D 

C14B — C13B — H13B 


1 OA A 
1Z0.0 


PKD pi |D P11D 

CI 5B — C14B — C13B 


1 OA A 
1Z0.0 


PKD p| |D U1ID 

CI 5B — C14B — H14B 


1 OA A 
1Z0.0 


P11D P| ID U1ID 

C13B — C14B — H14B 


1 OA A 
1Z0.0 


p| ID pkd pkd 

C14B — CI 5B — CloB 


1 OA A 
1Z0.0 


pi id pkd ukd 
C14B — CI 5B — H15B 


1 OA A 
1Z0.0 


PKn pkd UKD 

CloB — CI 5B — H15B 


1 OA A 
1Z0.0 


PKD PKD pi |D 

CIjB — CloB — CI IB 


1 OA A 
1Z0.0 


PKD pkd ukd 

CI 5B — CloB — HloB 


1 OA A 
1Z0.0 


pi ID pKn UKD 

C 1 1 B — C 1 OB — tl 1 OB 


1 OA A 
1Z0.0 


pio pn pt> 
C 1 6 — C 1 / — C/Z 


113.0 (3) 


pi o p 1 n D 1 

C 1 6 — C 1 / — B 1 


1 0/1 0 cx\ 
114.1 (i ) 


PT> PIT Dl 

C/Z — C 1 / — B 1 


1 OO O Pl\ 

1ZZ.Z (i) 


pia pio pn 

ciy — ci6 — ci / 


1 Ol A {A \ 

Hi A (4) 


p 1 A PIO uio 

ciy — ci6 — hi 6 


1 1 O 1 

116.3 


pn pio uio 
C 1 / C 1 6 tl 1 6 


1 1 O 1 

118.3 


pin pin pio 

c/o — c i y — c 1 6 


1 OA O i A \ 

1Z0.6 (4) 


PTA pin U1A 

c/o — c i y — ri i y 


1 1 n £ 

i iy.o 


PIO P1A u 1 A 

cis — ciy — Hiy 


1 1 A £ 

ny.o 


pn pin pm 

cz i — czo — c i y 


im / a\ 
11/./ (4) 


pn pia mil 
CZ 1 — CZO — HZO 


1 O 1 1 

1Z1.1 


pia pin UTA 

c i y — CZO — HZO 


1 O 1 1 

1Z1.1 


PTA pn POO 

CzO — Cz 1 — Czz 


1 OA "7 t A \ 

120.7 (4) 


pin pn uti 
CZO — CZ 1 — til 1 


1 1 A "7 

ny./ 


POO POI U0 1 

Czz — CZ 1 — til 1 


I 1 A "7 

I I y. / 


poi poo pn 
CZ1 — CZZ — CI / 


1 Ol O ^1 \ 

1Z3.6 (i) 


r^oi r^oo uoo 
CZ 1 — CZZ — till 


110 1 
116.1 


r^ii poo uoo 
C 1 / — CZZ — till 


1 1 O 1 

118.1 


r^^iA poi poo 
CZ4 — CZ3 — CZ8 


1 1 A O 

114.8 (i) 


PO/I POI Dl 

CZ4 — CZ3 — B 1 


1 OC 1 

1Z5.1 (i) 


POO POI Dl 

CZ6 — CZ3 — B 1 


1 OA 1 PJ\ 

1Z0.Z (i) 


POI PO/I POC 

CZ3 — CZ4 — CZ5 


1 OO O 1 A \ 

1ZZ.8 (4) 


POI PO/I UO/1 

Cz3 — CZ4 — HZ4 


1 K) / 

118.0 


POC PO/I UO/I 

C2D — CZ4 — HZ4 


1 1 D / 

118.0 


pit POC PO/I 

CZo — CZ5 — CZ4 


1 OA 1 { A\ 

1Z0.1 (4) 


pi/ POC uoc 

CZo — CZ5 — tili 


1 1 A A 

ny.y 


C24— C25— H25 


119.9 


C25— C26— C27 


119.2 (4) 


C25— C26— H26 


120.4 


C27— C26— H26 


120.4 


C26— C27— C28 


119.8 (4) 


C26— C27— H27 


120.1 
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Ml P/; [ [ o 

JN3 — Co — HoB 


1 1 n 1 
1 1U. 1 


PTO P1"7 im 

C28 — C2 / — til 1 


1 in 1 
12U.1 


pi p/; i i/.n 
C / — Co — HoB 


i i n i 
1 1U. 1 


P1"7 PTO PIT 

C2 / — C2o — C23 


ni a i a \ 
123.4 (4) 


TJ/: A P/: r [/- r3 

H6A — Co — H6B 


1 no A 
1U8.4 


PT7 PIO TJIO 

C2 / — C28 — H28 


1 1 O 1 

no.3 


p/: pi ~kta 
C6 — C / — JN4 


1 nn n ii \ 

luy.u (3) 


pit pTQ t_jio 
C23 — C28 — H28 


1 1 O 1 

no.3 


P/; PI T_T"7 A 

C6 — C / — ti IA 


1 nn n 

luy.y 


PTn nn pi/i 
C3U — C2y — C34 


114.1 (i) 


"\T/1 P"7 T_T"7 A 

JN4 C/ — H/A 


1 nn n 

luy.y 


pm nn r> i 
C3U — C2y — B 1 


125.2 (3) 


p/; pi i no 
CO — C / — ti ID 


1 nn n 

luy.y 


pi/1 nn r> 1 
C34 — C2y — B 1 


12U. / (i) 


~KJA PI LIT D 

JN4 — C/ — ti IB 


1 nn n 

luy.y 


pin pm pt 1 
C2y — C3U — C3 1 


123.2 (3) 


in a r"7 inn 
H /A — C / — H Id 


1 no i 
1U8.3 


pm pm T-nn 
C2y — C3U — H3U 


1 1 O A 

110.4 


~kta po pn 

JN4 Co — cy 


1 1 1 1 (A \ 

112.1 (4) 


pi 1 pm T_rm 
C3 1 — C3U — H3U 


1 1 O A 

11S.4 


TvT/1 PO TJO A 

JN4 Co — HoA 


1 nn 1 

iuy.2 


pn pii pm 
C32 — C31 — C3U 


i in "t i a \ 
I IV. 2 (4) 


pn po TJO A 

Cy — Co — HoA 


1 nn i 

iuy.2 


pn pi 1 ui 1 
C32 — C3 1 — tii 1 


1 1 n n 

ny.y 


~KTA PO HOD 

JN4 Co — Hots 


1 nn i 

iuy.2 


PTn pt i T_n 1 
C3U — C3 1 — tii 1 


1 1 n n 

i iy.y 


pn po hod 
cy — Co — HoB 


1 nn i 

iuy.2 


pn pn pi 1 
C33 — C32 — C3 1 


lion { A\ 

llo./ (4) 


UO A PO TTOD 

HoA — Co — H8B 


1 n~7 n 

iu /.y 


pn pn Tm 
C33 — C32 — tiil 


1 in "7 
12U. / 


po pn nn 

Co — cy — c i u 


116.1 (5) 


pt i pn tjti 
C3 1 — C32 — tiil 


1 in "7 
12U. / 


po pn T_rn a 

Co — cy — HyA 


1 no i 
1U8.3 


pn pn pti 
C32 — C33 — C34 


i in n //i \ 
12U.U (4) 


pin rn Tjn a 

c i u — cy — Hy a 


1 no i 
1U8.3 


pn pn T_rn 
C32 — C33 — tiii 


1 in n 
12U.U 


pn pn ttaD 

Co — cy — HyB 


1 no i 
1U8.3 


PI/1 PTT T-TTT 

C34 — C33 — tiii 


1 in n 
12U.U 


C 1 0 — cy — Hy B 


1 no i 
1U8.3 


r^ii pi/i nn 
C33 — C34 — C2y 


111 H {A \ 

123. / (4) 


T_rn a rn unn 
HyA — Cy — tiyB 


1 n"7 a 
1U /.4 


pn pi/i tjt a 
C33 — C34 — H34 


1 1 O 1 

llo.l 


Ml pin pn 

jn i — ciu — cy 


113.5 (5) 


pin pn uTd 
C2y — C34 — H34 


1 1 O 1 

llo.l 


\n pin tt 1 pi a 
JN 1 — C 1 0 — ti 1 UA 


1 no n 

luo.y 


XTC PTC pq /; 

JN5 — C35 — C36 


1 "70 A /i n\ 

1 /0.4 (1U) 


pn p 1 n ui o a 
cy — C 1 U — ti 1 U A 


1 no n 

luo.y 


XTCT3 PI CT3 P1/;T3 

JN5B — C35B — C36B 


1 lO 1 /1 1 *\ 

1 /0.2 (11) 


m 1 p 1 n ui no 
JN 1 — C 1 U — ti 1 UB 


1 no n 

luo.y 


P1£TJ P1/:T3 TJI/iT"* 

C3DB — C36B — H36D 


1 nn ^ 


pq pin tt i nn 
Cy — C 1 U — rl 1 UB 


1 AO n 

luo.y 


r^i^D r^i^D ttt/cc 
C3jB — C30B — H3011 


1 nn 4: 

luy.j 


Tim A pin TTinTT* 

H10A — CIU — H10B 


107.7 


T TT /LT\ PT/IT} TTT/ITTT 

H36U — C36B — H36b 


109.5 


C23— Bl— C17 


108.1 (3) 


C35B— C36B— H36F 


109.5 


C23— Bl— C29 


109.1 (3) 


H36D— C36B— H36F 


109.5 


CI 7— Bl— C29 


111.6 (3) 


H36E— C36B— H36F 


109.5 


C23— Bl— CUB 


116.5 (4) 






Symmetry codes: (i) ~x, -y+\, 









Hydrogen-bond geometry (A, °) 



D—Yi-A 


D — H 


R-A 


D-A 


D—H-A 


Nl— H1-N5 


0.93 


2.42 


3.313 (11) 


160 


Nl— H1-N5B 


0.93 


1.98 


2.832 (10) 


151 


N2— H2-C11 


0.93 


2.37 


3.289 (4) 


169 


N3— H3-N5' 


0.93 


2.22 


3.034 (9) 


146 


N3— H3-N5B' 


0.93 


2.23 


3.120 (9) 


160 


N4— H4-C11 


0.93 


2.42 


3.330 (4) 


168 



Symmetry codes: (i) -x, -y+1, -z+1. 
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